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EXECUTIVE SUMMARY

Survey on Okinawa Rail at Jungle Warfare Training Center
MCB CAMP SMEDLEY D. BUTLER OKINAWA, JAPAN

Prepared for. MCB Camp Smedley D. Butler Facilities Engineer Environmental Branch

Prepared by: Nansei Environmental Laboratory Co., Ltd

The goal of this survey is to: 1) reveal the current distribution of the Okinawa Rail in the Jungle
Warfare Training Center (JWTC), 2) compare the current distribution to the previous distribution

surveyed in 2004, and 3) evaluate the actions taken to manage and protect the rail in the future.

Okinawa Rail (Rallus Okinawae), a bird species endemic to northern Okinawa Island, is a nearly
flightless bird. The rail, which is 360 mm in length with a wingspan of 500 mm, is designated as
a National Natural Monument and a National Endangered Species by the Government of Japan,
in order to protect and conserve the species and its habitat. The rail is also subject to protection
under the Japan Environmental Governing Standards (JEGS). Because the existence of the
Okinawa Rail in the JWTC is known, we conducted a survey to reveal the current distribution of
the rail in the JWTC. Since a previous distribution survey for the Okinawa Rail was conducted in
2004, we compared the current survey results to the 2004 survey results to ascertain if any

differences existed between them.

Applying a Class 3 Grid employed by the Japan Ministry of the Environment (MOE) to the JWTC,
its jurisdictional area was divided into 109 cells. The survey was conducted at 91 of the 109
cells from the 25th through the 30th of November 2009 using a play-back method. In each cell,
one to three survey points were selected and a recorded song was played at the respective
points to ensure that the recorded song was able to reach every part of the cell. When a
responding call was heard, we considered that an Okinawa Rail was inhabiting the cell. The
direction from the survey point to the responding rail, the estimated distance between the

survey point and the rail, and the number of rails were recorded.

In this survey, inhabitation of the Okinawa Rail was confirmed in 49 cells, accounting for 53.8%
of the 91 cells surveyed. The 49 cells were concentrated in the central and northern parts of the
JWTC. There were no cells, where the response from the rail was heard, in the southern part,
except cell N28. In each cell where a rail responded, one to six individual rails were

distinguished (2.6 rails/cell on average).



EXECUTIVE SUMMARY

We examined changes in the Okinawa Rail distribution areas by comparing the results of 71
survey cells surveyed both in 2004 and 2009. We confirmed new inhabitation in 21 cells that
had no response from a rail in 2004, while we could not confirm inhabitation in six cells where
Okinawa Rails were detected in 2004. This result implied expansion of the Okinawa Rail
distribution areas. Response counts of Okinawa Rails increased in many cells in 2009 in
comparison with 2004. The results indicated that the distribution area and number have

expanded from 2004, especially in the northern part of this survey area.

In the JWTC, alien species may be the main factor influencing the distribution of the Okinawa
Rail. In accordance with the requirements of the JEGS, MCB Camp Butler routinely performs
trapping and removal of alien carnivorous species from the JWTC in coordination with MOE and
the Okinawa Prefectural Government (OPG). Areas where mongooses and roof rats were
captured mostly overlapped with areas which had no rail response in this survey. These results

also suggested that the alien species have a significant impact on the rail.

5U.S.C. 552 (b) (5)

This report consists of four chapters and three appendices. The first element of the goal of this
survey, to reveal the current distribution of the Okinawa Rail in the JWTC, is presented in
Chapter 3. The second element of the goal of this survey, to compare the current distribution to
the previous distribution surveyed in 2004, is presented in Chapter 4. The final element of the
goal of this survey, to evaluate the actions taken to manage and protect the rail in the future, is
presented in Chapter 4. The data table collections of this survey are presented in Appendix |.
The survey point map collections are presented in Appendix Il. The photo collections of this

survey are presented in Appendix Ill.
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1. INTRODUCTION

1.1 Purpose of This Survey

Okinawa rail (Rallus Okinawae), a bird species endemic to northern Okinawa Island, has
been thought to be threatened with extinction since 1981 when it was first discovered as a
new species. In order to protect and preserve the species and its habitat, the Government
of Japan (GOJ) designated it as a Natural Monument in 1982 and a National Endangered
Species in 1983. The rail is also subject to protection under the Japan Environmental
Governing Standards (JEGS) as a Host Nation Protected Species.

Because the Jungle Warfare Training Center (JWTC) is situated in northern Okinawa Island,
Marine Corps Base Camp Smedley D. Butler (MCB Camp Butler) conducted a survey to
ascertain the distribution of the species in the JWTC in 2004. When the survey data of
2004 was compared to data obtained by Ozaki ef al. (2002), which was one of the surveys
conducted by local researchers in northern Okinawa Island, data suggested that the area
inhabited by the species had decreased in the JWTC (Marine Corps Base Camp Smedley
D. Butler, 2006).

The objective of this survey is to reveal the current distribution of the Okinawa Rail in the
JWTC and to compare the current distribution to the previous distribution surveyed in 2004.
The comparison will help us to ascertain if the area inhabited by the species has been
decreasing in the JWTC.



1.2 Home to Okinawa Rail

Okinawa Island is situated at the approximate center of the Ryukyu Archipelago, a bow
shaped archipelago stretching for 1,200 kilometers (746 miles) from Kyushu Island of
Japan to Taiwan (Okinawa Prefectural Government, 2002) (Figure 1-1). The warm
Kuroshio Current gives Okinawa its subtropical ocean climate. The average annual
temperature is 21-24°C (70-75°F) with annual precipitation of 1,600-3,000 mm (63-118 in.)
(Okinawa Prefectural Government, 2002). The northern part of Okinawa Island is
mountainous with acidic and reddish-yellow soil (Kunigami-maji), while the central and
southern part is lowland, with a soil of generally natural to weakly alkaline limestone
(Shimaijiri-maji) or immature mudstone (Jagaru) (Okinawa Prefectural Government, 2002).

The northern part of the island has been kept less-developed, while the central and
southern part of this island has been developed as agricultural lands and residential areas.
The forest in the mountainous areas of the northern part of the island mainly consists of
Itajii or Shiia (Castanopsis) sieboldii (Niiro and Miyagi, 1988). The forest is home to many
endemic species such as the Pryer's Woodpecker (Sapheopipo noguchii), Ryukyu Robin
(Erithacus komadori komadori), Namie’s Frog (Rana namiyei) and others including the
Okinawa Rail (Okinawa Prefectural Government, 2002). However, in recent times, the
natural environment in the forest has been altered by expansion of agricultural and farm
lands, construction of roads, and continuing deforestation (Niiro and Miyagi, 1988).
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Figure 1-1 Location of the Ryukyu Archipelago, Okinawa Island, and Jungle

Warfare Training Center (JWTC)




1.3 Characteristics of Okinawa Rail

The Okinawa Rail (Gallirallus okinawae), first discovered in 1981, is a nearly flightless bird
endemic to northern Okinawa Island (Yamashina and Mano, 1981), and is classified in the
Genus Gallirallus of the Family Rallidae in the Order Gruiformes (Taylor and Perlo, 1998).
The rail has red stout legs and feet, short round wings, a short tail with bushy feathers, a
bright blood-red iris, and black and white lateral wavy stripes from the breast to the belly
(lkehara, 1984; Kuroda, 1993; Taylor and Perlo, 1998) (Figure 1-2). The adult rail is 360
mm long with a wingspan of 500 mm (Kuroda, 1993). The downy young are covered with
black down bristling over the whole body (Ilkehara, 1984; Taylor and Perlo, 1998). The
juvenile is relatively pale to the adult in color and has a somewhat mottled brownish bill and
fleshy yellow-ocher legs (Yamashina and Mano, 1981).

The Okinawa Rail is either chiefly diurnal or partially crepuscular, and is an extremely vocal
species that gives out a variety of calls in the early morning, late afternoon and early
evening (Brazil, 1985; Ikenaga and Gima, 1993). Harato (1995) reported that the calls
were heard best in August and November.

The rail spends most of its time on the ground in the forest where there are pools to bathe in
and drink from with thick indeciduous tree cover, and roosts mostly in the Itajii tree
(Custanopsis sieboldii) at night (Hanawa and Morishita, 1986; Harato and Ozaki, 1993;
Kodaka, 2008). This species feeds mainly on animal matter, such as insects and
terrestrial gastropods, but is also known to consume vegetable matter (lkenaga, 1983;
Ikenaga and Gima, 1993).

The breeding season of the rail is between March and June, when dish-shaped nests are
made on the ground with dried and fallen leaves, and the clutch consists of two to five eggs
(Chigira et al., 1993; Gima, 1984; Harato, 1996; Ikehara, 1984). A breeding pair of the
species alternately brood eggs until they hatch (Harato, 1996; Taylor and Perlo, 1998).
During the time soon after hatching, the young birds are mostly hidden behind grasses, but
after the elapse of a week or so, they move together with the parents (lkehara, 1984).



Figure 1-2 An adult Okinawa Rail in a tree



1.4 Distribution of Okinawa Rail

Although the Okinawa Rail was known to inhabit Ogimi Village, Higashi Village and
Kunigami Village prior to 1985, it became very hard to spot the species in these villages,
except Kunigami Village, by the year 2005 (Ozaki, 2005). According to surveys conducted
by Ozaki between 1996 and 1999 (Ozaki ef al. 2002), the southernmost edge of the
distribution of the species matched a line drawn between Janagusuku, Ogimi Village and
Fukuji Dam in Higashi Village. The results of the 2000-2001 survey conducted by Ozaki
indicated that the distribution area of the species had been narrowed and its southernmost
edge had moved northward to the line drawn between Hiji, Kunigami Village and Oodomairi,
Higashi Village (Ozaki et al., 2002). Ozaki (2005) estimated that the distribution of the
Okinawa Rail had decreased approximately 40% in area between 1985 and 2003.

The first survey was conducted to ascertain the distribution of the Okinawa Rail in the
JWTC by MCB Camp Butler in 2004, using a play-back method (Marine Corps Base Camp
Smedley D. Butler, 2006). The existence of the species was identified only in 28.2% of the
area surveyed and there were no responding rails in the southern part of the JWTC
between Fukuji Dam Lake and Takae, Higashi Village (MCB Camp S. D. Butler 2006).
The 2000-2001 survey conducted by Ozaki (Ozaki et al. 2002) covered more than half of
the jurisdictional area of the JWTC as the study area, employed the play-back method, and
was carried out during approximately the same season as when MCB Camp Butler
conducted its survey in 2004. Thus, the results of the 2004 survey were compared to the
results of the 2000-2001 survey, suggesting that the area inhabited by the rail had
decreased throughout the JWTC and also that the southernmost edge of its distribution
moved several kilometers toward the north (Marine Corps Base Camp Smedley D. Butler,
2006) (Figure 1-3).
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2. SURVEY METHODS

This survey employed a play-back method. The method refers to the utilization of a
species tendency to respond to a song from a member of the same species. A recorded
call of the Okinawa Rail was played to identify if any rails existed within the range where the
played call can be reached.

2.1 Survey Area

The Jungle Warfare Training Center (JWTC), approximately 7,833 ha (19,356 acres) in
area, is one of the US Marine Corps training areas and extends over Higashi Village and
Kunigami Village in the northern part of Okinawa Island. The JWTC is about 87 km (52
miles) from Camp Foster, and transportation by road from the Camp to the JWTC takes
about two hours (Marine Corps Base Camp Smedley D. Butler, 2009). The JWTC
consists of the main compound, which provides administrative and operational support for
the training of ground combat units of the Ill Marine Expeditionary Force, helo landing
zones scattered over the training center, and other training facilities including bivouac sites
and outdoor classrooms (Marine Corps Base Camp Smedley D. Butler, 2009). There are
also four dams, Fukuji, Arakawa, Aha and Fungawa, with respective dam lakes in the
JWTC. The dams and dam lakes are managed and maintained by the Okinawa General
Bureau, GOJ. Other than the training facilities and dam facilities, there have been very
few land modifications, and the majority of the JWTC still remains undeveloped and is
covered with a plant community representing the natural forest of northern Okinawa Island,
Okinawa-shikimi — Sudajii Community (Miyawaki and Okuda, 1989; Shinjo et a/., 1992).
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2.2 Survey Cells and Points

Applying Class 3 Grid (the size of a mesh or a cell: 1.25 km from east to west x 0.925 km
from south to north = 1.156 km?) for a natural conservation baseline survey employed by
the Ministry of the Environment to the JWTC, its jurisdictional area was divided into 109
cells. Because 18 of the 109 cells were either difficult to gain access to or only partially
included (less than 17%) within the JWTC, these cells were omitted from the survey area,
reducing the number of survey cells to 91. These cells were used as a minimum survey
unit, and the survey using a play-back method was conducted at each cell. In each survey
cell, one to three points (survey points) were selected to ensure that the recorded call
played was able to reach every part of the cell.

2.3 Calling Response Survey

The survey was conducted from the 25th through the 30th of November, 2009, in order to
avoid the breeding season of this species (Table 2-1). The survey team consisted of one
to five groups of two to three people each day. To gain access to each survey point in the
survey cells, the existing roads, foot trails and the surface of Fukuji Dam Lake were utilized
by car, on foot, and by boat, respectively. To conduct the survey, most of the survey points
were visited after sunset because songs of the rail are often heard in the late afternoon and
early evening (Brazil, 1985; lkenaga and Gima, 1993). Mainly due to safety reasons,
some survey points located in forests and on the surface of the lake were visited in the
afternoon before sunset.

A play-back method used in this survey followed the method of Ozaki ef al. (2002). A
recorded call of the Okinawa Rail was played at approximately the same volume of the call
sung by the species in the wild. The recorded call, which lasts for approximately 16
seconds, was played five times at approximately 80-second intervals at each survey point
using a digital player with external speakers (Figures 2-2 and 2-3). \When any responding
call was heard, the direction from the survey point to the responding rail, the estimated
distance between the survey point and the responding rail, and the number of responding
rails were recorded and we considered that the Okinawa Rail inhabited the cell where the
survey point was located.

11



At each survey point, coordinates of the location where the recorded call was played were
taken with a portable GPS device and also marked on a topographic map (see Appendices
I and Il). Most of the survey was conducted in good weather with no rain and little or no
wind because sounds made by strong winds or heavy rain can interrupt the surveyors from
hearing the Okinawa Rail respond.

Table 2-1 Survey cells and date

Survey Date Time Place Survey Cells
road
Day time
forest K23,122 M22,M25
25th Nov. road 125,126,127,1.29,L30,M 23 M26,M 27 M30,N17,N24 N26 N27,N28, N28,015,025,P13,P14,
Night time P25,Q12,Q13,R11,R12
forest J24,J25,126 K26
road -
Day time
forest 023,024,P24
26th Nov.
road K24 K25,1.23,1.24,M23,M24,N21,N22 N23,N25N28,016,017.018.022,P15,P16,P17 P18,
Night time P21,P22,P23,R13 R16,R18,5811,513,5814,T13,T14
forest 126018
road N21
Day time forest M18,M19,N18,N20,020,021,812
27th Nov. dam lake J27,K27,K28,128,M28,M29
road N17,017,P13,P14,P16,P17,P18,014,Q15,Q16,Q17,Q020,Q021,R11,R12,R13,R17,R18,R19
Night time S
forest -
road -
Day time
forest N18,R14,R15
28th Nov.
road N21,N24,N25 N26,N27,022
Night time
forest Q23
road -
Day time
forest K22,M22,
29th Nov.
road P14,P16,P17.Q15R12,R17,R18.T14
Night time
forest K23
30th Nov. Day time road L23,124,M23

12



Figure 2-3 External speakers
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3. RESULTS

Responses of the Okinawa Rail living in the wild were detected in 49 cells, accounting for
53.8% of the 91 cells surveyed (Figure 3-1). The cells, in which a response from a rail was
detected, were not evenly distributed in the JWTC, and were concentrated in its central and
northern parts. There were no cells, where a response from a rail was heard, in the
southern part of the JWTC except Cell N28.

At each cell where a response from a rail was detected, one to six individual rails were
distinguished based on the direction and distance from the responding individuals (see
Appendix ). There were 2.6 responding rails at each cell on average (128 responding

rails/49 cells, Appendix |).

15
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4. DISCUSSIONS AND COMMENTS

4.1 Changes in Okinawa Rail Distribution Area and Southernmost Line

We examined the changes in Okinawa Rail distribution areas by comparing the results of
71 survey cells surveyed both in 2004 and 2009. We confirmed new inhabitation in 21
cells that had no response from the rail in 2004, while we could not confirm the inhabitation
in six cells where Okinawa Rails were detected in 2004 (Table 4-1). This result implied the
expansion of the Okinawa Rail distribution areas. We also showed response counts from
the Okinawa Rail in each survey cell in Figure 4-2 and response counts in 2009 increased
in many cells in comparison with 2004. For these reasons, the results indicated that the
distribution area and number have expanded from 2004, especially in the northern part of
this survey area (Figure 4-1).

Comparing the survey results in 2004 (Marine Corps Base Camp Smedley D. Butler, 2006)
with 2000-2001 (Ozaki et al., 2002), the southernmost limit of the distribution of the
Okinawa Rail had moved to the north (Marine Corps Base Camp Smedley D. Butler, 2006)
(Figure 1-3). However, we found that the southernmost distribution limit in 2009 had not
changed very much since 2004 and inhabitation in Cell M23, M24, N24, and N25 was not
confirmed in this survey (Figure 4-1).

It is concluded that the Okinawa Rail distribution area of 2009 did not decrease in the
JWTC because 1) the number of cells with rail responses had increased since 2004, and 2)
the distribution of cells responding in the southern part of the survey area has not changed
very much since 2004. Therefore, it is expected that the decrease in the Okinawa Rail
distribution had now stopped in the JWTC.

Table 4-1 Cell Number Status of Okinawa Rail Inhabitation in 2004 and 2009

2009

Detected Non Detected

Detected 18 7
2004

Non Detected 21 25

17
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Figure 4-1 Comparing the Distribution of Okinawa Rail in 2009 and 2004.
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4.2 Factors Influencing Distribution of Okinawa Rail

It was reported that the habitat area and the number of Okinawa Rail had been decreasing
in northern Okinawa Island (Ozaki, 2005; Ozaki, 2009) in recent years.

(Niiro and Miyagi, 1998). There have been several reports of traffic
accidents involving rails being struck (Kodaka, 2009; Ozaki, 2009), and this factor may not
be ignored in the distribution of the Okinawa Rail. It is considered that alien species,

especially carnivorous mongooses and feral cats brought onto Okinawa Island (lzawa
1997; lzawa, 2005), have had a negative impact on the inhabitation of the Okinawa Rail
(Higa, 1993; Ozaki, 2002; Ozaki, 2005; Ozaki, 2009). In the JWTC, there was no large
scale deforesting over the past several years, and traffic volume and traffic speed is strictly

controlled.

The mongoose is a diurnal, insectivorous carnivore (Hays and Conant, 2003). It
feeds on birds, lizards, insects and other vertebrate species on other islands (Vilella, 1998;

Oliver and Baldwin, 1953), and the

- In addition to the impact from the mongoose, the influence of feral cats or dogs
cannot be ignored.

It should be noted that there are alien roof rats (Raftus rattus) in northern Okinawa Island.

The roof rat is a fruit- and animal-eating species (Abe, 2008), and it has been reported that
they have preyed on the eggs and juveniles of birds and reduced the population of bird
species in New Zealand and French Polynesia (Bell, 1978; James and Clout, 1996).

20



In accordance with the requirements of the JEGS, MCB Camp Butler routinely performs
trapping and removal of mongoose and other alien carnivorous species in coordination with
the Japanese Authorities to rid them from the JWTC. The Ministry of the Environment of
Japan (MOE) and Okinawa Prefectural Government (OPG) have also been conducting
mongoose capture projects in the JWTC since 2006 (Ministry of the Environment, 2006;
Okinawa Prefectural Government, 2006). Figure 4-3 indicates areas where Okinawa rail
inhabitation was confirmed in this survey and mongooses were captured by MOE and OPG
(Ministry of the Environment, 2008). This figure illustrates that the areas where
mongooses were captured were concentrated in the southern part, and these areas mostly
overlapped with the area which had no response from the rail. It was reported that the
frequency of the Okinawa Rail detected by censor camera was lower in areas where
detection of mongoose was higher (Kodaka, 2009). (b) (5)

We also show the distribution of the roof rat captured in
mongoose eradication program in the northern part of Okinawa Island in 2008 (Ministry of
the Environment, 2009) and the Okinawa Rail detected in this research (Figure 4-4).
Many cells where roof rats were captured in 2008 overlapped with Okinawa Rail
unidentified cells in this survey. (b) (5)
|

Native Jungle crow (Corvus macrorhynchos) had preyed on the eggs and juveniles of the
Okinawa Rail (Ozaki, 2009) and other bird species (Kameda, 1994; Nakamura and
Nakamura, 1995; Azuma et al., 1996; Mochizuki and Ueda, 1996). The impact of the
Jungle crow should be of concern because the population of this species tends to increase
in northern Okinawa Island (Ozaki, 2005; Ozaki, 2009).

21
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Figure 4-3 Mongoose Captured Areas (Ministry of the Environment, 2008) and Okinawa
Rail Inhabitation confirmed Areas
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Figure 4-4 Roof Rat Captured Areas (Ministry of the Environment, 2008) and

Okinawa Rail Inhabitation confirmed Areas

23



4.3 Conservation Aspects of the Rail Species

Due to the fact that the Okinawa rail has been threatened by alien carnivorous species,
various conservation measures have been taken in recent years on Okinawa Island
(Ministry of the Environment, 2009). A number of conservation measures have also been
reported on unique flightless rails inhabiting islands overseas (Ozaki, 1995; Higuchi, 1996;
Lorvelec et al., 2004; Weninger & Momose, 2005; Ozaki, 2009). These reports indicate
expectations for conserving the appropriate habitat and increasing the wildlife population of
the Okinawa Rail. Three conservation aspects of the Okinawa rail, (1) eradication of alien
carnivorous species, (2) installation and maintenance of a mongoose prevention fence, (3)
conservation of habitat forests, and as one aspect to increase the rail species, (4) artificial
breeding of rails, are described in detail in the following sections. The flowchart of Figure
4-5 illustrates these conservation aspects.

(1) Eradication of Alien Carnivorous Species

In order to protect rare species such as the Okinawa Rail from alien carnivorous species,
MCB Camp Butler, OPG, and MOE have implemented eradication programs of alien
carnivorous species in northern Okinawa Island. OPG started an eradication program on
northern Okinawa Island in 2000 and at the JWTC in 2004 (Okinawa Prefectural
Government, 2004). MOE started its eradication program for mongoose and feral cats on
northern Okinawa Island in 2002 (Ministry of the Environment, 2003) and at the JWTC in
2006 (Ministry of the Environment, 2007). Furthermore, bylaws for preventing the
generation of feral cats have been in effect in Kunigami, Ogimi, Higashi Village (Izawa
2005; Sawashi 2005).

Until 2004, the southernmost distribution limit of the Okinawa Rail had moved northward
and the habitat area size was considered decreasing (Ozaki, 2005). Results from this
survey imply that the habitat area of the Okinawa Rail in the JWTC has been increasing
and the southernmost distribution limit had not changed very much in comparison with 2004
(Figure 4-1 and Table 4-1). We consider the eradication programs mentioned earlier as
the main factor of the habitat area increase. Thus, it is very important for the MCB to
continue to implement this eradication effort especially in the southern part of the JWTC
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where the Okinawa rail has not returned.

(2) Installation and Maintenance of Mongoose Prevention Fence

In 2006, OPG completed the construction of the mongoose prevention fence from Shioya
(Ogimi Village) to Fukuji Dam Lake (Higashi Village) (Okinawa Prefectural Government,
2007). In conjunction with the capture projects, it is considered that the population of the
mongoose has been consistently decreasing in northern Okinawa Island since the
completion of the Mongoose Prevention Fence (Okinawa Prefectural Government, 2009;
Ministry of the Environment, 2009).

(3) Conservation of Habitat Forests for Okinawa Rail

For preventing the extinction of the Okinawa Rail, it is recommended that conservation of
forests be implemented. Even if the population of the Okinawa Rail is enlarged, the
Okinawa rail cannot survive without habitat forests. Especially because the Okinawa Rail
spends most of its time on the ground in the forest with thick indeciduous tree cover
(Hanawa and Morishita, 1986), conservation of the forest will result in maintaining a good
habitat environment.

(4) Artificial Breeding of Rails

MOE completed a breeding facility and has been conducting a development project with
artificial breeding technology since 2009 (Ministry of the Environment, 2009; Ozaki, 2009).
On an island overseas, the population of the Load Howe Rail (Tricholimnas sylvestris) had
significantly decreased to 30 individuals due to the impact from imported pigs (Sus scrofa).
The pigs, however, were completely eradicated and the artificial breeding of the rails has
taken place successfully (Ozaki, 1995). In another island overseas, the Guam rail (Rallus
owstoni) had been predated by the non-native Brown Tree Snake (Boiga irregularis), and
decreased to 21 individuals (Stattersfield and Capper, 2000; Takeshita, 2001). With the
implementation of artificial breeding, the population of the rail increased to over 200, but the
threat of extinction has not been removed due to the existing impact from feral cats and
other invasive animals (Weninger and Momose, 2005; Ozaki, 2009). Thus, a plan for
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artificial breeding, the establishment of a breeding method, and also a plan for reintroducing
the rail into the wild are needed on Okinawa Island.

C Start )

Endangerment of Okinawa

Conservation Plan

Appropriate _
Conservation Breeding Plan
Habitat
Alien Species Installation of Conservation of Establishment of
Eradication Fence Forest Breeding Method

Reintroduction to
Wildlife

Mitigation of
Extinction

()

Figure 4-5 Flowchart of Okinawa Rail Conservation
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2. Surveyed Points Map Collections
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Appendix plate 1  Map Guidance
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Appendix plate 2 Surveyed points of Map No.1
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Appendix plate 3 Surveyed points of Map 2
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Appendix plate 4 Surveyed points of Map 3
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Appendix plate 5 Surveyed points of Map 4
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Appendix plate 6 Surveyed points of Map 5
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Appendix plate 7 Surveyed points of Map 6
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Appendix plate 8 Surveyed points of Map 7
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